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Tuesday, February 5, 2013 455aa number of cellular functions. Many studies show that TRPC channels are ac-
tivated by stimulation of Gaq-PLC-coupled receptors. However, our previous
study showed that the TRPC4 current was inhibited by a constitutively active
form of Gaq(Gaq
Q209L). It may have caused a shortage of phosphoinositide
phosphatidylinositol 4,5-bisphosphate (PI(4,5)P2) because Gaq
Q209L would
have persistently activated PLCb. Therefore, we used an inducible system to
regulate PI(4,5)P2 specifically and acutely. The TRPC4b current was reduced
by inducible Gaq
Q209L but not by the mutants whose binding ability to PLCb
is impaired. If the aforementioned phenomenon resulted from desensitization
of TRPC4 by protein kinase C (PKC), the current of TRPC4b (T877A) mutant
which is not phosphorylated by PKC would not be inhibited by co-expression
of a Gaq
Q209L. However, we detected the inhibitory action of Gaq
Q209L. Deple-
tion of PI(4,5)P2 using the inositol polyphosphate 5-phosphatase (Inp54p) in-
ducible system led to an irreversible inhibition of TRPC4 currents after
application of rapamycin to HEK293 cells co-expressing TRPC4 with
Inp54p. On the other hand, phosphatidylinositol 4-phosphate 5-kinase
(PIP5K) inducible system did not activate the initial gating of TRPC4b.
Even in the case of Gai2-activated TRPC4b currents, the acute depletion of
PI(4,5)P2 led to reduced TRPC4b currents. Therefore, we suggested that
PI(4,5)P2 is not the activator for TRPC4 activation but it is still necessary for
regulating TRPC4 activation. Especially, TRPC4 desensitization might be a re-
sult of hydrolysis of PI(4,5)P2 since TRPC4 desensitization through muscarinic
receptor 3 which activates Gaq-PLC pathway disappeared by adding PI(4,5)P2
and nonhydrolysis PI(4,5)P2. These findings indicate an essential role of PI(4,5)
P2 for maintaining the activity of TRPC4b.
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Mechanical forces are efficiently converted into cellular signals to initiate
structural and functional remodeling of cardiac myocytes. Molecular mecha-
nisms underlying cardiac mechanotransduction are still barely understood. Nu-
clear Factor of Activated T-cells (NFAT) is an important calcium-responsive
transcription factor and a key player in cardiac remodeling processes. In this
study, we investigated the involvement of Ca2þ signaling molecules as a link
between mechanical stretch and NFAT translocation in HL-1 atrial myocytes.
We specifically focused on the potential role of receptor-operated and/or store-
operated Ca2þ permeable channels of the TRPCs (classical transient receptor
potential) and the Orai family. Populations of HL-1 cells overexpressing
GFP-NFAT were exposed to a single-stretch by 20% for 20 minutes on com-
mercially available silicon membranes and NFAT localization was then ana-
lyzed by fluorescence microscopy. Results revealed that stretched HL-1 cells
significantly increased NFAT nuclear translocation when compared to un-
stretched cells. Similar NFAT activation was obtained when HL-1 cells were
stimulated by either endothelin-1 (100 nM) or thapsigargin (1mM) in the ab-
sence of a stretch stimulus. These results demonstrate that similar levels of
NFAT activation are induced in HL-1 cells by either mechanical stress, cell ac-
tivation via Gq-coupled receptors or depletion of internal Ca2þ stores. HL-1
cells were found to express several TRPC isoforms that might contribute to me-
chanotransduction. Our data suggest a linkage between mechanical stretch and
cardiac remodeling involving Ca2þ entry and NFAT activation.
This work is funded by FWF (Austrian research fund) projects P21925-B19,
P22565-B18 and the DK Metabolic and Cardiovascular Disease grant
W1226-B18.
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TRPM2 is a non-selective Ca2þ permeable cation channel, expressed abun-
dantly in brain, immune cells, and pancreatic b-cells. Under physiological con-
ditions it might play a role in glucose-induced insulin secretion, and in the
immune response. Besides, it enhances the sensitivity of cells toward oxidative
stress induced damage. Thus, under pathological conditions, TRPM2 is respon-
sible for neuronal cell death during ischemia/reperfusion in the brain.
The TRPM2 channel is co-activated by intracellular Ca2þ and ADP-ribose
(ADPR). ADPR binds to the C-terminal NUDT9-H domain, while the Ca2þ
binding sites have not yet been identified. Intriguingly, when expressed in iso-
lation, the NUDT9-H domain functions as an active ADPR hydrolase whichbreaks ADPR into AMP and ribose-5-phosphate. In a previous study we
showed that Ca2þ dependent gating is well described by the Monod-Wyman-
Changeux model. However, little is known about the mechanism by which
binding, and possibly hydrolysis, of ADPR is coupled to channel gating.
Steady-state single-channel kinetic analysis could be very useful for addressing
such details. However, wild-type TRPM2 channels are not amenable to such
studies, because they inactivate irreversibly shortly after patch excision, pre-
cluding collection of sufficient numbers of gating events. Recently, we have
identified that inactivation is caused by a conformational change of the selec-
tivity filter, and can be completely prevented by a triple mutation in this region.
This pore mutant TRPM2 channel (T5L), which mimics the filter sequence of
TRPM5, retains unabated maximal activity for over 1 hour. Although the mu-
tations result in altered permeation properties, ADPR- and Ca2þ-dependent gat-
ing remains intact.
Presently, we are investigating the ADPR-dependent gating mechanism of this
mutant channel by steady-state single-channel kinetic analysis. Measurements
are underway.
2329-Pos Board B348
TRPM2 Channels Protect Hearts from Ischemia-Reperfusion Injury
Joseph Y. Cheung1, JuFang Wang1, Erhe Gao1, Jianliang Song1,
Xue-Qian Zhang1, Madesh Muniswamy1, Karthik Mallilankaraman1,
Shu-jen Chen2, Iwona Hirschler-Laszkiewicz2, Kathleen Conrad2,
Kerry Keefer2, Arthur M. Feldman1, Barbara A. Miller2.
1Temple University School of Medicine, Philadelphia, PA, USA,
2Pennsylvania State University College of Medicine, Hershey, PA, USA.
TRPM2 channels are expressed in the heart and vasculature. To elucidate the
function of TRPM2, we generated a global TRPM2-KO mouse. To evaluate
whether TRPM2 channels were functional in the heart, we activated TRPM2
channels with H2O2 and demonstrated that Ca
2þ influx was dependent on ex-
tracellular Ca2þ and significantly higher in WT compared to TRPM2-KO my-
ocytes. We then examined the effects of TRPM2 channels on cardiac function,
both at rest and after ischemia-reperfusion (I/R) injury. At rest, there were no
differences in LV mass, heart rate, fractional shortening (FS) and þdP/dt be-
tween WT and TRPM2-KO hearts. At 2-3 days post-I/R injury, despite similar
areas-at-risk and infarct sizes, TRPM2-KO hearts had lower FS and þdP/dt
when compared to WT hearts. Compared to WT I/R myocytes, expression of
Naþ/Ca2þ exchanger (NCX1) and NCX1 current were increased, and action
potential duration was prolonged in TRPM2-KO I/R myocytes. After 2 h of
hypoxia followed by 30 min of reoxygenation to simulate I/R in vitro, levels
of reactive oxygen species (ROS) were significantly higher in TRPM2-KO
when compared to WT myocytes. Oxygen radical scavenging enzymes
(SOD1 and SOD2) and their upstream regulators (FoxO1, FoxO3a and HIF-1a)
were lower while NADPH oxidase (Nox2) was higher in TRPM2-KO I/R
hearts. We conclude that TRPM2 channels protected hearts from I/R injury
by enhancing expression of oxygen radical scavenging enzymes, thereby reduc-
ing oxidative stress associated with ischemia-reperfusion.
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2-APB is a widely used chemical compound in ion channel research. It in-
hibits numerous channels that include inositol 1,4,5-trisphosphate receptors,
store-operated calcium channels, connexins and TRP family cation channels
TRPC3, TRPC5, TRPC6, TRPM2, TRPM3 and TRPM7. Native and over-
expressed TRPM7 channels are inhibited by 2-APB with IC50-s in the
70-170 mM range. A characteristic of TRPM7 channels is their inhibition
by intracellular Mg2þ and acidic pH. using patch-clamp electrophysiology,
we recorded native TRPM7 channel activity in Jurkat T lymphocytes and
tested 2-APB at 10-300 mM for its ability to inhibit TRPM7 currents. When
internal HEPES buffer concentration was low (1 mM), 100-300 mM 2-APB
inhibited 60-70% of TRPM7 current with a slow time course. This inhibition
was voltage-independent and reversible. Increasing the pH buffering capacity
of internal solution to 140 mM HEPES abolished the inhibitory 2-APB effect.
Simply making the internal recording solution alkaline, greatly diminished 2-
APB inhibition. using single-cell pHi imaging with the fluorescent pH indica-
tor BCECF, we found that at concentrations of 100 mM and higher, 2-APB
potently acidifies the cytoplasm. A similar 2-APB-induced acidification was
also observed in HEK293 cells, often used for TRPM7 channel overexpres-
sion. In contrast to 2-APB, its analog 2,2-diphenyltetrahydrofuran (DPTHF)
did not produce cytosolic acidification, when applied at concentrations of
150-300 mM. We also found that Kv1.3 channels expressed in Jurkat
T cells are modulated by 2-APB: the apparent voltage dependence of these
456a Tuesday, February 5, 2013channels was reversibly altered by the compound. Interestingly, this 2-APB
effect on Kv1.3 channels did not depend on cytosolic pH. In summary, these
experiments suggest that inhibition of TRPM7 channels by 2-APB is not di-
rect but rather, can be explained by cytoplasmic acidification and resulting
channel inhibition.
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Sensing potential harmful stimuli is crucial for the survival of the organisms.
The detection of these stimuli relies on specialized proteins that localize on
the surface of certain sensory cells. The Transient Receptor Potential ion chan-
nels are involved in sensing some of those stimuli such as temperature, pH and
different chemical compounds. Upon activation, they evoke ionic currents that
trigger action potentials in primary sensory neurons.
An important unsolved question regarding TRP channel’s function, is how the
energy of the activating stimuli is coupled to channel opening. Several lines of
evidence have pointed to the cytosolic C-terminus of these channels, known as
the TRP domain, as a pivotal coupling region.
To further understand the role of this domain in channel function, we have de-
signed a set of chimeras in the cold menthol receptor (TRPM8) that incorporate
the corresponding region of the heat-activated TRPV1 channel. We focused in
the small region between the last transmembrane segment (S6) and the TRP
Box. Our data indicate that this small region is essential for the function of
TRPM8 and TRPV1. within this region, we have found a mutation that turns
TRPM8 into constitutively active (Y981E). Strikingly, this constitutive activity
could become regulated upon the addition of another mutation within the same
region (V986I). The resulting channel shows the same current amplitude as the
wild type, but the response to voltage is faster. In addition mutations in the
same region hamper TRPM8 function D991K. Based on the available
TRPM8 structural model we interpret the effect of these mutations on the chan-
nel function and we propose a possible mechanism for the gating process of
TRPM8.
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The TRPM8 ion channel is expressed in sensory neurons and responsible for
sensing environmental cold temperatures and a number of chemical com-
pounds, such as menthol and icilin. The functional activity of the channel is
regulated by various physical and chemical factors, and is likely to be pre-
conditioned by its molecular composition. Our studies uncovered that
TRPM8 channel forms a structural- functional complex with the polyester -
poly-(R)-3-hydroxybutyrate (PHB). With mass spectrometric analysis, we
identified a number of PHB-modified peptides in the N- terminus of the
TRPM8 protein and in its extracellular S3-S4 linker. Removal of PHB by en-
zymatic hydrolysis, as well as site-directed mutagenesis of the covalent anchors
of PHB - serine residues, and adjacent hydrophobic residues interacting with
the methyl groups of the polymer, resulted in significant inhibition of
TRPM8 channel activity. We conclude that TPRM8 channel undergoes post-
translational modification by PHB and that this modification is required for
its normal functions.
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Many lipophilic small molecule ligands (drugs and natural compounds) are
known to interact with ion channels, but often experimental approaches to ad-
dress these interactions prove costly and time-consuming. Studies of these li-
gands using molecular dynamics (MD) simulations in an explicit lipid
bilayer system can aid our understanding of their possible mechanisms of ac-
tion with the target ion channels. Capsaicin, the active ingredient of chilli,
and related vanilloid ligands specifically modify the activity of the TRPV1
ion channel and are thought to interact with the transmembrane (TM) regionof the channel protein. However, many details of this interaction such as the
orientation of capsaicin and the involvement of other domains of the channel
remain unknown. In this study we employ MD simulations to define the inter-
actions of capsaicin and its analogues with lipid bilayers. Our simulations have
shown that capsaicin spontaneously partitions into phospholipid bilayers and
preferentially localizes at the bilayer/water interface. They also suggest the
possibility of capsaicin flip-flop from one side of the bilayer to the other. These
and related results are discussed in the context of understanding the significance
of the lipid bilayer environment to the orientation and kinetics of the interaction
of vanilloid ligands with TRPV1.
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The double knot toxin (DkTx), a peptide isolated from the Chinese bird spider
venom, activates the TRPV1 ion channel by binding to the channel with high
affinity. As its name suggests, DkTx consists of two cystine-rich lobes (K1
and K2) attached to each other via an oligopeptide linker. These lobes belong
to the inhibitory cystine knot (ICK) family of peptide toxins that modulate the
activity of voltage-gated ion channels. The mechanism by which ICK peptides
activate voltage-gated channels have been well-studied and these peptides have
served as powerful pharmacological tools for elucidation of the mechanism of
ion channel-mediated voltage sensing. It is therefore tempting to speculate that
DkTx has the potential to serve as a powerful tool to help elucidate the hitherto
elusive mechanisms of activation of TRPV1 by a wide range of stimuli includ-
ing chemical ligands and temperature. Here, we outline our initial efforts
towards achieving this goal. Specifically, we describe the high-yielding produc-
tion of DkTx from an E. coli expression system and report voltage clamp
experiments that yielded dose response curves for TRPV1 activation by
DkTx, K1, and K2, thereby revealing the order of potency of the toxins
(DkTx>K2>>K1). Moreover, the dose response curve for K2 suggests
a much more cooperative binding of the toxin to the channel (Hill coefficient
~4) as compared to DkTx (Hill coefficient ~1). To understand the molecular
basis of these results, we are currently studying the activation of TRPV1 by mu-
tants of K1, K2, and DkTx.
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Every organism needs molecular antennae in order to sense the environmental
temperature. In mammals, these antennae are a set of ion channels called thermo
Transient Receptor Potential (thermoTRP). TRPV1 is a heat activated channel
that belongs to TRP family, with an activation threshold around 42 C. Exper-
imental evidences show that TRPV1 posses a similar structural architecture to
voltage-dependent Kþ channels (Kv). Nevertheless, TRPV1 has a weakly volt-
age dependence (number of apparent gating charges, z¼ 0.83 e0) and in contrast
with the numerous positively charged residues contained in the S4 of Kv chan-
nels (~12 e0 gating charges/channel), it has only one arginine (R557) located in
the fourth transmembrane segment (S4). However, the molecular determinant
that confers the voltage sensitivity to this channel remains elusive. using site-
directed mutagenesis we have neutralized several charged amino acid (positives
and negatives) along to the channel. The electrophysiological studies (macro-
patch in X. laevis oocytes), surprisingly reveals that the uncharged S4 TRPV1
channels still conserve the same voltage dependence as wt channels. Further-
more, neutralizations in other transmembrane segments or even neutralizations
on the pore region do not affect the voltage sensitivity of TRPV1 channels.
Despite the weak voltage dependence of TRPV1 channel, the membrane volt-
age has a huge impact over the temperature activation; changing the activation
enthalpy and the ionic current kinetics. At hyperpolarizing potentials the tem-
perature activation shows a delay resembling the Cole-Moore shift. Further-
more, at depolarizing potential the channel kinetics speeds up, revealing an
allosteric connection between voltage and thermal stimuli. This work was sup-
ported by Fondecyt grant 1110430 to RL, Fondecyt 1120802 to CG and ACT
10224 to CG. CINV is a Scientific Millennium Institute.
